Section of optic thalamus, showing vessel blocked with pigment going to hfemorrhage;
THE subject of punctiform haemorrhages in the brain in gas poisoning has awakened new interest on account of its existence in fatal cases of shell shock with burial, and in cases of death from inhalation of poisonous gases, either as a result of their liberation by explosives in confined spaces, such as mines, trenches, and dug-outs, or as a result of an offensive gas attack by the enemy. I shall endeavour in this communication to explain the cause of these punctiform haemorrhages.
In 1907 I published in the Archives of Neurology and Psychiatry (iii) a paper on " Carbon Monoxide and Nickel Carbonyl Poisoning." I came to the conclusion that the nickel carbonyl poisoning was really due to the inhalation of CO employed in the manufacture of nickel. Two such cases occurred of which I had the opportunity of examining the central nervous system, and I found multiple punctate hamorrhages throughout the white matter of the brain, as you see in these photomicrographs.
In this paper I compared the naked-eye and microscopic appearance of the central nervous system in these cases of nickel carbonyl poisoning, with those observed in a case of suicide by illuminating gas, and I MY-13 considered them to be identical in nature. I also reviewed in this paper the clinical symptoms and pathology of CO poisoning, in respect to the findings in the central nervous system, and especially the causes which occasioned the h8emorrhages. All three cases died in from four toa eight days with the complication of pneumonia. Thrombotic occlusion of the cerebral arterioles or venules was considered to be the cause of the haemorrhages; in one case from the nickel carbonyl works an organized thrombus was found in a vessel of the medulla.
In the case of suicide by illuminating gas, admitted under my care at Charing Cross Hospital, signs of cerebral haemorrhage occurred within twenty hours of commencement of the inhalation of the gas, for the limbs became rigid, and a plantar extensor reflex was obtained. At first the temperature on admission was 990 F., but when the rigidity of the limbs and the plantar extensor response was discovered six hours later, the temperature had risen to 105°F., and the pulse and respiration had become very rapid.
The nervous symptoms pointed to the occurrence of the punctiform hemorrhages found post mortem in the internal capsules, and it may be assumed that the rise of temperature might have been due to the toxammia coincident with the onset of pneumonia; for when the patient died, on the fourth day, pneumonic consolidation was found. Fullnotes of the clinical symptoms and post-mortem findings were reported. Microscopic investigation showed fatty degeneration of the heart and of the epithelium of the convoluted tubules of the kidney. Punctiform heemorrhages, attributed to hyaline thrombosis of small vessels of the white matter, have been described by Bignami and Nazari in various diseases; for example, aestivo-autumnal malaria, apoplexy, diplococcal meningitis, following pneumonia and measles. It is possible, therefore, that pneumococcic toxaemia was productive of, or associated with, the causation of the hmorrhages in these cases of CO poisoning.
But I am inclined to think that the CO poisoning alone would be capable of causing the punctiform hamorrhages, for the following reasons: In both cases from the nickel works there was evidence of old hamorrhages in the form of minute round or oval punctiform patches of softening, indicative of gas poisoning on some occasion previous to -the man being obliged to give up work. And it was legitimate to attribute these symptoms they suffered with-namely, giddiness, vomiting, and headache (migrainous attacks)-to the gas poisoning, causing congestive stasis and haemorrhages. It is well to note that these migrainous attacks are frequently met with in men and officers who have been exposed to those conditions in which CO or other forms of gas poisoning might have occurred without fatal' results.
From the facts observed in these three cases of CO poisoning, combined with certain anatomical conditions of the blood-vessels supplying the white matter of the brain, to which I shall now direct your attention, an explanation can be offered why these miliary hmmorrhages are found in the white matter of the cerebrum and basal ganglia, and not elsewhere in the brain. It must be recognized that a combination of factors may arise in CO poisoning-namely (1) The heart, owing to the anoxcemia, has to beat faster, and to do more work with less oxygen; consequently it may undergo fatty degeneration.
(2) There is microscopic evidence of an irritative and degenerative endothelial change in the cerebral capillaries, as shown by mitosis of the nuclei, and a fatty degeneration made apparent by osmic acid staining. These changes may be due, as Lancereaux suggested, to CO in the serum, but aggravated by the pneumococcal toxin, which is also responsible for a tendency to increased fibrin formation of the blood, and to thrombosis in those vessels in which the anatomical conditions favour the lodgement of emboli, or clotting of the blood from congestive or inflammatory stasis.
The microscopic appearances of these punctiform haemorrhages in known cases of CO poisoning, terminating in death by pneumonia, are similar to those shown in fig. 1 (p. 79), which is a section of the corpus callosum, showing punctiform hmorrhages, from a case of shell shock with probable CO poisoning.
MILIARY HAEMORRHAGES IN CASES OF SHELL CONCUSSION
AND GAS POISONING.
I may now mention that the microscopic appearances found in these cases of CO poisoning, dying with pneumonia respectively after four days, eight days, and seven days, were in all respects similar to the appearances presented by sections of brains received from France, notified as dying of 'shell shock with burial and from gas poisoning-with one exception, and that only differed in the fact that a large part of the haemoglobin had been converted into chocolatecoloured pigment granules, which blocked the small vessels in the hamorrhages.
Before proceeding to the description of these cases I will call attention to the anatomical relations of the vessels of the white matter of the cerebrum, where these haemorrhages are found. ANATOMICAL RELATIONS OF THE VESSELS FAVOURING CAPILLARY STASIS.
The pia mater covering the cortex sends delicate walled arteries and -veins, through the cortex to reach the subjacent white matter; the arteries consist of short and long vessels which, after giving off fine branches to the interlacing capillary network of the grey matter, terminate in a brush of fine arterioles; the short vessels end in this brush just below the cortex; the long penetrate deeper, to end in the corpus callosum and the centrum ovale. Each little artery breaks up into a tree, and forms a separate system of delicate arterioles. Each arteriole ends in a circumscribed area of capillaries, with an emerging vein. These veins do not anastomose. Thrombosis of arterioles or venules would therefore cause capillary stasis and heemorrhage into the brain substance in a circumscribed area, also escape of blood into the perivascular sheaths of arterioles or venules; a condition generally found to occur where there aie punctiform hemmorrhages. Owing to the thin character of the walls of the arteries, it is difficult to decide whether a vessel in section is an artery or a vein. Punctiform haemorrhages are also found in great abundance in the brain structures supplied by the perforating arteries, especially those in which the opto-*striate and lenticulo-striate branches terminate. These vessels give off relatively few branches until they reach their destination in the basal ganglia and internal and external capsules; they then terminate in a brush of delicate walled arterioles. Each vessel supplies, as in the case of the cortical vessels, circumscribed areas of capillaries, and the result of embolism or thrombosis is the causation of similar small limited areas -of haemorrhage and softening, which, when numerous, may become confluent. Stasis is favoured also by the narrow lumen of the capillaries qof the brain. SHELL SHOCK AND CO POISONING. The brain of a man said to have died from shell shock was handed to me by Professor Keith for examination. The following notes accompanied this brain:- No. 8 on Captain Armstrong's list.
Brain of man, admitted unconscious, with history of having been buried by shell blowing in parapet. Remained stertorous for two days and died.
Post-mortem Examination.-There is no wound of any kind on his body or head, and no visceral lesion. His ankle on one side was badly " sprained," but there were no fractures. The skull was unfractured, and no fracture of the base could be found. Brain shows multiple punctiform haemorrhages and some slight subpial extravasation. No other particulars.
Photomicrographs illustrating the appearances presented by the brain in this case have been already published to illustrate my Lettsomian lectures to the Medical Society (1916) .
Having regard to the fact that these punctiform haemorrhages and hyAline thrombosis of vessels were identical in their microscopic appearances to those I had observed in CO poisoning, it occurred to me that the man may have been concussed and afterwards gassed while lying unconscious and buried (vide fig. 1 ).
It may be argued that these punctiform haemorrhages were due solely to venous stasis and congestion, but I doubt this, for I have neither observed this condition in the number of cases of death from asphyxia occurring in status epilepticus nor after prolonge-d seizures of paralytic dementia, although I have examined the brains, macroscopically and microscopically, in a great number of instances. A letter to me from the Trench War Committee confirmed the possibility of CO poisoning occurring when a large shell burst in a confined space, such as a dug-out or a trench, if incomplete detonation of the explosive occurred. Moreover, it must be remembered that CO is odourless, and may be present in trenches or dug-outs without its existence being known. When a mine is exploded considerable quantities of this gas may be formed, and it may travel through the grouind considerable distances.
In the memorandum on " Gas Poisoning in Warfare " issued by the 78 Mott: Hmmorrhages of the Brain in Gas Poisoning Director-General, Medical Services, British Armies in France, it is stated in respect to CO poisoning-
The lungs show no abnormal changes in cases of rapid death. Small punctate heemorrhages may be found in the white matter of the brain, and sometimes ecchymosis in the meninges, if the case has been exposed to a concentration of CO sufficient to cause prolonged unconsciousness.
The fact that CO is not found in the blood when the patient is examined, does not prove that death was not due to CO poisoning, for after some hours of exposure to air it cannot be detected, and there is little opportunity for making the test for some hours or even days. Captain Dunn read a very interesting paper before the Medical Society on epidemic nephritis, in which he showed hyaline thrombosis of the vessels of the alveoli of the lungs and of the glomerular capillaries of the kidney.
In these cases he has observed multiple punctiformn hoemorrhages of the brain, which he attributed to embolism by hyaline thrombi. These haemorrhages present, exactly the same appearances-as in CO poisoning or gas poisoning. In a letter he has written to me, he 'states that he has now observed these hemorrhages in four more cases"of nephritis, so that their occurrence in the first case was not fortuitous. "They are of quite similar appearance to those I have observed in phosgene poisoning." He asks whether heemorrhages of that type are seen in uraemia. 'Lieutenant-Colonel T. R. Elliott has forwarded me a memorandum by Captain H. W. Kaye on five autopsies on cases of poisoning by drift gas (C12 + COC12) in which he describes blue-black dots in the brain of a seventy-hour case; he also refers to petechial hoemorrhages in the stomach and evidence of blood destruction in the spleen. Lieutenant-Colonel Elliott also calls attention to the fact t at Captain Henry was the first to describe thrombi in the renal vessels and he disagreed with Dunn and McNee when they described renal emboli as coming from the lung. EXAMINATION OF THE BRAIN IN GAS POISONING.
I have recently had the opportunity of examining the brains of two cases of gas poisoning, in which gas was employed in an offensiveby the enemy; and one is of special interest.
The whole of the white matter is peppered over with small dark blue spots about the size of a pin's head. These are due to haemorrhages, but microscopic examination shows conditions which I have not found in CO poisoning, nor in other forms of gas poisonaing; in fact, I have never seen any condition like this. The red blood corpuscles have been in large measure broken up, and the hemoglobin converted into dark chocolate-coloured pigment granules, which fill the capillaries, arterioles and venules of the white matter of the brain. This is very possibly
Punctate hnmorrhages in corpus callosum from a case of shell shock and burial; very probably accompanied by gas poisoning while lying unconscious and buried. Observe the small white area in the centre of the hamorrhage, in the middle of which is a small vessel which, under a higher magnification, will be seen to contain a hyaline thrombus. (x 20.) methaemoglobin, for it is known that exposure to nitrous fumes in concentration will oxidize the haemoglobin, and convert it into methaemoglobin. Phosgene, 'COCl2, has been used by the Germans it liberates HCl when it comes in contact with a moist surface; it is very irritating and would cause bronchiolitis, and I am informed by py friend Professor Halliburton that it is possible the free hydrochloric acid would convert the hamoglobin into acid halmatin.
Similar appearances were found to those described in CO poisoningnamely, multiple punctiform haemorrhages in the white matter -but the blood corpuscles were intermixed with chocolate-coloured pigment granules (Plate I). The accompanying drawings illustrate the appearances presented. You may observe a vessel with a hyaline thrombus, stained pink by the fuchsin of the Van Gieson stain, but
Hyaline thrombus of vessel in centre of a punctate hbnmorrhage. The thrombus was stained brown by dissolved pigment. Around the blocked vessel is a white area of brain substance containing numbers of leucocytes; outside this is the hemorrhage, not very distinctly seen. The specimen was prepared from the subcortical white matter of the frontal lobe. ( x 345.) with a brownish tinge due to the change in the blood pigment (Plate II).
Possibly, as in capillary fat embolism, we may have embolism by these pigment granules, but, generally speaking, there is definite evidence of thrombus formation, with pigment granules in the thrombus.
Examination with a high-power magnification shows that the smallest vessels are filled with the pigment, which can be seen in the vessels and in the circumscribed areas of haemorrhage as discrete granules packed together (Plates I and II).
The specimens show hyaline thrombus formation in the vessel contained in the centre of the ha3morrhage or passing to the centre of the haemorrhage; the walls of these vessels are generally so thin as to support the view that they are veins (fig. 2) . Some of the small vessels Small vessel breaking up into a leash of small arterioles compressed together by the hsemorrhage. The vessels are all blocked with black pigment granules. Specimen from internal capsule gas poisoning. (x 70.) show aneurysmal dilatation. In one section I observed a leash of small arterioles pressed together by the haemorrhage at the side; on one there was an -aneurysm filled with pink-stained thrombus (figs. 3 and 4). Amidst the corpuscles are numbers of pigment granules. Three such haemorrhages with occluded vessels proceeding to them can be seen (fig. 5, p. 83) . Nearly all the punctiform heemorrhages show a central 82 Mott: Hawiorrhages of the Brain in Gas Poisoning vessel, surrounded by an area of necrosed brain tissue, infiltrated usually with leucocytes ( fig. 2, P. 80 ). The whole of this area is stained pink by Van Gieson's stain, and it is more or less difficult to make out the wall of the central vessel. Sometimes a capillary filled with a thrombus can be seen running to the central vessel. It may be filled with chocolatecoloured pigment granules probably embedded in a coagulum as in Plate I, or the coagulum may be of a pinkish-brown colour due to the coagulum being stained by the pignment dissolved in the serum (Plate II). In this, as in all other cases, there is evidence of an inflammatory stasis and excess of leucocytes in the vessels, and often into the perivascular sheath and tissues around.
Section of Pathology
Clinical Anatomical Notes accompanying this Case.
Brain.-Surface veins large and small, distended with dark blue clotted blood (veins of base of skull were in samne condition). Section shows thickly scattered -blue-black dots throughout the brain, especially in the white matter; this applies also to the cerebellum, and to much less extent to the pons and medulla.
No haemorrhage seen.
Patient was admitted ten hours after being gassed, and died sixty hours after admission, from bronchiolitis and failure of right heart. It is unfortunate that the clinical and post-mortem notes of this case are so scanty, for it is one. of great pathological interest. The right .heart failure and bronchiolitis, from which the patient died seventy .hours after inhalation of the gas, would undoubtedly account for-the venous congestion and stasis noted post mortem, and for the thrombosis .of the small vessels in the white matter of the brain. The blocking of the capillaries, small arteries, and veins by the chocolate-coloured granules of pigment, especially of the capillaries, would, however, suffice to account for the haemorrhages. In some respects the capillary blockage by pigment resembles the condition found in pernicious malaria, in which disease Bignami and Nazari have described punctate habmorrhage of the white matter of the brain; but I am inclined to believe the principal cause of the haomorrhages is inflammatory stasis and hyaline thrombosis of arterioles, capillaries, and venules, the pigment granules being incorporated in the coagulum.
I received the brain of another case in which the bruises on the body, the haematomata in the right lung, and the other conditions described, all suggest that he had been blown up by a shell and buried, and that, the injuries of the brain were due to concussion. The fact that there was no CO detected in the blood does not conclusively prove that he was not exposed, while buried, to CO gas. No. 1489 S. D. bad been one of a working party which was caught in a igas-shell barrage" put up by the enemy on the morning of August 31, at about 10.30 a.m. The majority of the shells on bursting made a small explosion and formed a quickly dissipated white smoke. At the time he was standing in a trench 3 to 5 ft. deep, and appeared to have been knocked down by the explosion of this particular shell. Whether or not he had on an anti-gas helmet at the time is uncertain, but it appears that after the man next to him was wounded they both removed their anti-gas helmets, and were found lying in the bottom of the trench. He wassoon placed on a stretcher and removed to a dressing station. As to whether he received any definite medical treatment prior to his admission into 141 Cavalry Field, Ambulance at 7 p.m. is uncertain.
On admission: Patient was unconscious and frothing slightly at the mouth and nostrils. He was distinctly collapsed. There were no signs of dyanosis. (a) Pulse 112, regular, but weak. (b) Respirations 53, deep, no signs of obstruction. (c) Temperature 960 F. Patient was very restless and had a slight cough. There was a small superficial scalp wound behind his right ear, and also a superficial wound with considerable bruising of tissues round about on back of left shoulder.
Physical signs: A few rales could be heard over the front of the chest, but nothing abnormal at the back. There was no evidence of accumulation of fluid.
Treatment: Immediately on admission Tty gr. strychnine was given hypodermically. Ammonia capsules were administered from time to time. Oxygen was administered (through the mask of a box respirator) for four minutes every quarter of an hour. The oxygen for a time quietened the breathing, and the frothing at the mouth and nose ceased. 10 p.m.: Pulse 120, weak and irregular. Respirations 40, deep, and no obstruction. Temperature 9640 F. Patient was again given ws gr. strychnine. 11 p.m.: Ammonia capsules were ordered to be used continuously. At first there was considerable improvement in the pulse, although the rate remained the same (120), but this improvement was only temporary, and at 11.30 p.m. the pulse again became very feeble and irregular and its rate now was 148. Oxygen had been administered continuously for four minutes every quarter of an hour since admission. The administration of same seemed to bring on the restlessness of the patient, and as there'was no evidence of cyanosis and no respiratory obstruction the oxygen was stopped. -o gr. strychnine was again given. 6 a.m.: Evidence of slight improvement, and patient was able to swallow a little milk. He also showed signs of returning consciousness. Pulse 120, more regular and fuller. Respiration 50. Temperature 970 F. 8 a.m.: Still more signs of improvement and more conscious. Was able to take more milk. Pulse 100. Respiration 50. Temperature 980 F. ' gr. strychnine again given, and also 's gr. digitalin. 11 a.m.: Patient was still very restless, but was more conscious, and was able to take a little chicken extract. Pulse 84, full and regular. Respirations 60. Temperature 97.20 F. Condition generally was one of improvement.
Patient passed a motion of which he was quite unconscious. He was given 1 c.c. pituitary extract hypodermically, and this treatment was continued fourhourly with intermittent doses of digitalin or strychnine. Numerous rales could now be heard all over the chest, both in front and behind, but there was no sign of dullness.
3.30 -p.m.: Condition was much the same. Still very restless and slightly less conscious again. Passed another motion. Although patient was conscious of passing his motions, he passed his urine quite unconsciously. 5 p.m.: Patient was slightly worse again and distinctly less conscious. Pulse 128, less full and more irregular again too. Respirations 58. Temperature 100.2 F. 1 c.c. pituitary extract again given hypodermically. Ammonia capsules were now being used at the rate of one every half hour. 8 p.m.: Condition much same as at 5 p.m. 11 p.m.: Showed signs of slight improvement. More conscious and less restless. Pulse 92, regular. Respirations 46. Temperature 990 F.
September 2, 2 a.m.: Condition much same as at 11 p.m. on September 1.
Pulse 102. Respirations 50. Temperature 98'20 F. 6 a.m.: More signs of improvement. Patient was more conscious, and was only restless at intervals. Passed another motion. 1 c.c. pituitary extract was again given, and this was the last dose administered for some days'. Pulse 84, regular and full. Respirations 36. Temperature 97V8°F. Hot water bottles were applied. 10 a.m.: Condition much same as at 6 a.m., but patient was slightly more restless again. Numerous rAles could still be heard all over the chest, both in front and behind, but again there was no evidence of dullness or fluid accumulation. 4 p. Ordered ammon. carb. 5 gr. t.d.s. The patient was now able to take milk and chicken extract with ease and in appreciable quantities.
From 8 p.m. on September 2 till 9.30 a.m. on September 5: Patient showed signs of great improvement. He slept well, sometimes for two to three hours at a stretch. He was able to take milk, chicken extract, sago and soups. His bowels moved daily, and although he was quite conscious of passing his motions, he still never was conscious of passinghis uriue. During the period the only medicine prescribed was ammon. carb., 5 gr. t.d.s. Pulse varied from 95 to 62, was always regular and strong. Respiration rate gradually decreased from 40 to 28 per minute. Each respiration was always full and deep and there never was any sign of respiratory obstruction. Numerous rales were audible, both in front and at back of the chest. No dullness was ever detected. Temperature gradually came down from 99'6 to normal.
For the first thirty-six hours after admission the patient was kept lying on a stretcher in the open, but after that he was placed in a well ventilated room. 10 a.m.: At 10 a.m. on September 5, the patient suddenly showed signs of getting worse again. His breathing became more rapid, and to a certain extent became laboured too. His temperature fell from normal to 970 F. His pulse became rapid and weak, and he showed rapidly increasing signs of delirium. Given ' gr. of strychnine hypodermically.
2 p.m. to 6 p.m.: Patient was rapidly losing ground. Quite unconscious; vomited once. Pulse-rate rose from 84 to 146, very feeble and irregular. Respiration: Breathing became stertorous and shallow, and mainly abdominal in type. The rate of breathing first increased from 32 to 40 (at 2.30, p.m.) and then gradually decreased to 16 per minute (at 6 p.m.). Temperature at 2 p.m. was 96.40 F.; at 3 p.m., 96.40 F., and then again rose to 98V6°F. at 6 p.m. Patient was packed round with hot water bottles. He was given another ' gr. strychnine and shortly afterwards 20 minims of spirit. ammon.
6.30 p. -A post-mortem examination of the brain was made on September 6, and the following noted: No injury to the cranium, either externally or internally, at the site of the scalp wound. No evidence of haemorrhage either on the surface of the brain, or at the base of the skull. On Section.-(1) Cerebrum: Numerous punctate hemorrhages scattered throughout both the grey and white matter, and in the grey matter of the right lobe there was one haemorrhage about the size of a split pea.
(2) Cerebellum: Numerous punctate hbemorrhages in cerebrum, but in addition there was one large hEemorrhage about the size of a shilling on the right side, and one about the size of a threepenny-piece on the left side.
(3) Pons: Scattered throughout its substance too, these small punctate h.Tmorrhages were noticed.
(4) Medulla: Same as the pons.
(5) Fourth ventricle: Both the roof and the floor of the fourth ventricle were studded with numerous punctate hoemorrhages which here were so numerous as to appear almost like one continuous large hwmorrhage.
(Signed) J. W. VAN REENERD, Lieutenant, I.M.S.
The following points are, I think, of interest in connexion with the gas employed in this case, the composition of which I do not know.
(1) It was one that had two different toxic actions-viz., primarily on the cardiac centres, and secondly, much later, on the vascular system, causing a degeneration of the walls of the small vessels, leading to hemorrhages into the substance of the brain, and probably other organs as well, but they were not examined. There were no serious symptoms apparent at any time of toxic actions on the respiratory centres or organs.
(2) The late appearance of the fatal symptoms, or perhaps it would be more correct to say the delayed action on the vascular system. The patient had survived the critical period of cardiac failure, and was apparently well on his way to recovery when the fatal symptoms appeared-five days after he had been gassed.
Lieutenant Unfortunately there are no notes of the condit,ion of the reflexes nor the state of tonus of the muscle of the limbs. The clinical notes do not indicate that this patient suffered with pne.umonia, nor any obstruction to the entrance of air to the lungs; there is no statement regarding the cause of the extremely rapid respiration, but the fact that he was given oxygen and diffusible stimulant for the first twelve hours suggests that there was great respiratory embarrassment due to deoxygenation of blood. Later there is a definite statement; there is no evidence of cyanosis and no respiratory obstruction; the oxygen was stopped. But the respiration still continued very rapid-50 to 60. After some days his condition greatly improved, and the respiration fell even to 28. Then on the last day in the morning he suddenly developed grave symptoms, and in the evening it is noted that he developed marked nystagmus, internal strabismus, and the right pupil was distinctly sluggish and slightly larger than the left. The conclusions and findings are not inconsistent with CO poisoning, but it may have been some other gas or mixture of poisonous gases.
I was unable to confirm the statement of haemorrhage into the pons and medulla. The vessels were congested, but no hsemorrhage was found. The cerebral hemispheres were badly preserved, and I was only able to examine the cerebral cortex of the frontal lobes.
Microscopic Examiination.-Portions of the frontal cortex and subjacent white matter, showing to the naked eye miliary punctiform haemorrhages, were taken, and, as in all the other cases, blocked in paraffin, and sections cut and stained by Van Gieson and haematoxylineosin methods, also with polychrome. The punctiform haemorrhages appeared in some of the sections to form a circle of circumscribed, discrete, oval or round areas of extravasated blood, often with a section of a vessel in the centre or proceeding to the haemorrhagic area. In sections stained by the Van Gieson stain the lumen and the thin-walled vessels so seen appear a pale pink, and this presumably is due to the contained hyaline thrombus (Plate III).
In some vessels red blood corpuscles are seen with abundant fibrin formation; a similar appearance to that seen in the alveoli in red hepatization; other vessels appear filled with polymorphonuclears and fibrin. Around the central thrombosed vessels of the haemorrhage are seen deeply stained pink areas of necrosed brain tissue infiltrated with polymorphonuclear leucocytes; very often a vessel can be seen filled with blood which is extravasated into the sheath, and occasionally the rupture of a thin-walled vessel causing haemorrhage into the perivascular sheath can be seen. This condition of central thrombosis with necrosis of brain tissue around and infiltration of leucocytes is similar to that observed in the CO poisoning from the nickel works, when the patient lived eight days; and is in accordance with what might be expected, seeing that the man lived six days after possible inhalation of the gas.
SUMMARY.
The reason why these punctiform haemorrhages occur in the white matter of the brain is primarily due to the anatomical condition of the vessels in the white matter of the cerebrum, where the arteries -are terminal; each small artery having a separate capillary system, likewise the emerging veins. A tendency to stasis may be brought about in these separate vascular systems by the failure of the heart as a force pump and suction pump, also by those respiratory conditions which lead to right heart dilatation, and interference with the return of blood from the skull. In most cases the two factors are combined. It seems probable, however, that either factor may act independently as a coefficient of gas poisoning in causing inflammatory stasis and thrombosis, resulting in multiple punctiform haemorrhages. In the gas case, in which the haemoglobin has been converted into pigment granules, it seems probable that the hmorrhage may be accounted for by embolic occlusion of the arteries. It is unfortunate that with the exception of the case of CO poisoning by illuminating gas I have not had the opportunity of examining the organs of the body.
It is quite probable that, as in that case, fatty degeneration of the heart, the kidneys, liver, and vessels. of the brain would be found to exist.
In conclusion, I desire to acknowledge my indebtedness to my assistant, Mr. Charles Geary; also to Miss Munro and Miss Watson for the assistance they have afforded me, and to the Board of Control for a grant to enable me to give them an honorarium for their services.
